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THE CP40CR RECKPTO R AND LTGANDS Irrtt ^^t^t^If OT^ 

•"-"'"^ 1. INTRODUCTIOW 

The present invention telates to 4 dbiif^terr- 
6 receptor, termed Gb40CR, for the CD40 ^^dell antigen^ 
and to soluble li^ands for this j:6cept6t, ItjaludlnS 
fusion molecules Comprising at l^ast a pdttipn of Op4p 
protein. Ct is based, ^t least in partj 0rt the 
discovery that a soluble CD4o/lmir|UnoglQtulitl' fusion 
10 protein was able to inhibit hfelper T-cd|l lilMcliated ^- 
cell activation by binding to ^ noVel 3$i protein 
Receptor on helper T-coll membi-ailes* the fi^esertt: 
Invention provides for a substantially |)Ur U led 0040 dR 
teceptor; fdt soluble llgarlds pf CD40CR^ iridludlng 
|5 Antibodies as Well as fusion titblecUles coJnpirising at 
least a portion of CD40 protelhf arid fo|: Jn&thodfi pf • 
controlling B-cell activation Which may be Ibspeci^Uy 
Useful in the treatment of allergy or f^Utblimnune 
Hr' disease* 
20 ■ 

2. BACKGROtlMD OF Trffe tNVEM'j ^tOM ^ 
Studies by Mitchlson, Beriacetrtif qh4 ft^f f f l^rsi- 
suggested that physical interactions betw6eth ^nd 
cells were essential in the development of humoral 
25 immune responses. Later studies docuirtehted that 
formed physical conjugates with class II m^jor 
histocompatibility complex . (mtc) compatibl#| antigej)- 
presenting B-cells ^Vltetta et; al,, (1^87) XmuiiPl. 
Rev:. PP;lf3-23S); and that it was the B^cdl^e within 
these conjugates that ^^est)onde4 to % (HHl0tt ^1^4 
(1989) J. imunol. M3tl745-1754) \ With tH^ dlsdov^ry 
that Vcle>:ived lymphokines exertfed pot#nt ^t'oWth afiti 
differcmtiative effects oh fi-cells, it W^s t)topds^ 
that soluble factor (s) tjelea^ed In proxlTftlty by 
activated T, mediated the activation of th^ ihtetactlng 
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iZlt i. °' ".oieculariy cloned 

ly^phoklne:, .l.,e or In combination, ..anife.ted the 
ability to induce B-cell cycle entry. Unlike soluble 
factors. Plasma membrane fractions frort Activated 
induced B-.ell cycle entry r^o^gJtin efe ai., (,,,oy^ 
irmunol. 1^15:2025-2034; ^oells et al./ (1^, ^ 
imunol. i^te: 1110-1124). studies usin^'puHf led 
Plasma membran. fractions from activated feugg.st.d 
that a protein expressed on t»,. niembra,1^ of actlyat.d 
T.was responsible for Initiating humor.l l,,unlty 
(Noelle et al., (i99lj J. i„unUn61. 146,111,-1124; 
Martlettet al., (1990) J. nmndl. U&ms^-39e2) 

Purified Plasma membrane^, from activatfed ftH^^-i 
have been used to Investigate the natut^ otthll 
^ U Effector function /Hodg^in et ^i. (1990) j. i„^^^^i 

ru ii5.....5-.03., .oe^e et a.., l.,«noI 

,j U6^1B-li24). PH- f torn activated 0^, but not 

S jesting r (p„-, exptesaed an activity tjl^t indued 

. ^n.estrlcted mannet. in addition. It ^b^wn t^.t 

the activity expressed by PM*^ required 4-G ^.o^tP^t 
^ctlvatlon, de novo m,A synthesis and „M fitoteln In 
nature ,Ba.tiettet ,i., fi...; ^. x^.,,i' ^.^s'- 
25 . 

SUriMARV THR TMVPK,a.T»t.| 

The present invention relates to a doUnter- 
receptor, terp,ed CD40CR, for the CD40 B-cJl antia«ii 

. " IsaSt In part, Oft the 

. - aasoovery CHat a „l„Me CD40/|^„n„gl„buil„ tailon 

~ r\f ".r'''' V 

; 35 cell activation by blMin, t„ a novel ,6 kO teo.btot 
: , Protein , termed .00400,- tor C04„ counter'jeceptt^^, 



- 3 - 



a) 

=i 



helper T-c«ll «eftbranes, ^nd oh the dl^dbVaty th^t d 
monoclonal antibody, ter..d mi, directed : tt.Ward thi. 
39 kD receptoi: wa^ able to Inhibit helpet T-oell 
mediated aotivatioh of B-cella, 
5 The present invention jirovldes for a 

substantially purified CD4 OCR receptor; for ^olU^le 
ligands Of CD40CR, including antibodies well as 
fusxon molecules comprising at least a^drtion of CD4o 
protein; and for methods of controlling B.fc^li 
10 activation. 

in particular embodiments of the ijiV^ntioh B- 
cell activation in a subject „^y be inhibited by 
contacting helper T cells of the subjeoi with 

t5 inhibition of B-cell activation m.y be Mi>e«ially 
H useful in the treatment of allergy or aht.ljnmuhe 

L't qlsease. 

1 , one advantage of the pr^.ent invertbiort is that i*: 

j:: enables intervention in an aspect pf t.i|. l^frune : 

20 response which is hot- antigen specific. H.UV current 
tl>erapies for allergy include fle,ensiti.4tion tt* 
particular antigens, and ^egulr. that each p.ti^nt b. : 
tested in ordet to identify antigdns associated With ' 
25 '""f ^f^^^i^- ^ Pradtical «attelr, exhdu^tive 

analysis of a patlenf s t^sporise to each m every 
potential allergen is virtually impossible 

Furthermore, in „ost autoimmune conditions, the 
causative antigen is, gej^^raliy, unknovn of eVen 

invention, which ir^iates to the antige,^ hofiSpecific 
Ob40/OD40CH interaction, .itcuiavents tje n^d to 
Characteriee the .ntigeh assooiated with a'lergy or 
autoi^nunity. Wfore, the present iriVeJtiof may be 
used, to particuia. advantage in the trdatm^nt 6f 
allergic conditions in which thfe immunogen is ndt 
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Jcnown, or has ihultlple oomponertts, for ^xamble, ih h^y 
fever or in procainamide induced lupus. It i^ay al,s<, 
be useful In acute treatment df immune ftdtl vat idh/ br 
example, in therapy for Anaphylaxis. 

3.1. ABBREVTATTOMc^ 

immunoglobulin 
mab monoclonal anti|t>ody 

plasma membranes prepared from. 
I ^0 activated helpet T-aells 

plasma membranes prepared from resting 
helper T-cells 

polyacrylamide gdj eleotrbphoiresis 
rIL4 recombinant ihter Jeukin 4 

recombinant inter ieukin fe 
supernatant 
T(» helper T-cell 

refers to D l.e, a I.A*'-re^tticte4/ 
rabbit immunoglbbiilin sp^dif Ic dlorte 



S| PAGE 

Sj ^5 rIL5 
= SN 

fli 

ru Tsi 
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Figure 1. Effect of monddlpnal at,tibodled and 
CD40.rg on the induction of B-cell rna pyhthesis by 



2B 



Panel 



30 



35 



**«stilig B-cells were cUi turfed vith 
PM.- or PM- fro. T,x. 25.g/™l of .nti-Gb4, antl-U-x 
or anti-icAM-1 or a combination of each of thes^ (^^ch 
at 25 Mg/ml), was added to wells containing f^-^ ail^ 
cell RNA synthesis was m.asur^d by incort,o,^^tiort bf 
[H]-uridine, B-dell RMA synthesis was a^^fefised froln 
42 to 48 hours post-culture. Results pr^a^nted are 
the arithmetic means of triplicate culturfe^ +/- V d 
and are representative of 5 sUch dxperln|ent3, *" 

_ Panels. Restihg B-e6Us wejra cWtUred with 

PM^-from V t#, 1, or n2 O) . To tl,^ I'M-- 



^72^.1 



- 5 - 



y 

\l. 
UI 
hi 

u 

m 
a 



containing cultures («, X) , Inorpasing Moaflts df 
CD40-lg (A) or control protein 0D7E-Ig(^) w^re added. 
To the Tfc2 PM^- containing culture (□) , ihdr^qsing 
g amounts of CD4o-i^ were added. B-cell m Myntheais 
was assessed frohi 42 to 4d houts post-doltuire . 
Results presented are the arithmetic mQftns l>t 
triplicate cultures +/- a.d., and are r^jJlrefeentative 
of 3 such <2xperimehts . 

10 Panel c. Resting B-cella wer^ bultuted w^th 

LPS (50 /xg/ml) or PM'"*. To cu^.tures, C040-ty (25 
Mg/ml; hatched) or CD7E-lg (25 jUg/ml; solid) weirfe 
added. RNA synthesis was determined as described in 
Panel A. Results presented are the arltHi»6tlc mean of 

15 triplicate cultures +/^ s.d., and are r^preBentatlve 
of 3 such experiments. 

Figure 2. CD40-I3 inhibited B-cell 
differentiation and proliferation. 
20 Panel A. Resting B-fcells were oil Ituted with 

PM-*", rIM (10 ng/ml) ahd rIL5 (5 ng/ml). Either M 
the initiation of culture, or on days 2 Df 3 pds^- 
initiation of culture, CD4p-lcJ of CD7E-lq (25 lig/iDl) 
Were added, oh day six of ciiltute, SN fi-om Individual 
25 Wells were harvested and quantitatod fojr IcjM(B) and 
tgG|«P) using ah anti-isotype §peolfic flMflA, a& 
described In {Uoelle et al., (19^1) j. 'inmWhol. . 
3d6:lllB-li24). in the ptesertce of PM*", IM atid Il,6» 
(in the absence of added CD40-Ig) the cjjncentrqtion^ 
of I^M and IgG, weire 4.6 /ig/ml arid 126 H^/nii^ 
respectively. Cultures which received tb7ft-ty (35 - 
Mg/ml) on Day 0 prpduced 2*4 ^g/lhl and .bS r|g/ml of igfi 
and IgG,, respectively. In the absence of iU apd i;,^^ 
^ no igM or IctG, was detected. Results are rBpfesehtatiye 
. . of 3 such expetimfents. 



30 



- 6 - 



Panel B. T^l wete rested or actiyeited wltfi 
anti-CD3 for 16 hours. Irradiated and diiXtursd 
(ixloVwell) with resting ^-cells (4xlo^/pUltare) in 
the presence of XL4 (10 ij^/ml) * petweeft 0 ^nd 25 
5 /ig/ml of CD40-I^ (A) or Ct)7E-lg (#) welra a4fJiBd to 
cultures. From 66-72 hoUrs po^t-cultur^, Wells Ver^ 
pulsed with 1.0 /iCi of t^H] -^thymidine afld h^tvesjb^d. 
The dotted line indicates the response bt ti-oells to 
resting T^, Results presented a^re the ^ritHihetld me^yi 
of triplicate cultured +/- s.d., and ar^ 
representative of 2 sUch experiirt^nts. . 

Figure 3. GD40-Ig detectecj a moletu^.e expre^sfed 
on activated, hut not resting T^. Resting ^nd : 
activated Were harvested and incUbatdd with f usltin 
proteins for 20 minutes at 4*»d, followed by FITC- 
conjugated goat anti-hIgG (25 /ig/ml) . td^dentage 
positive cells ahd MFI Were deterinined by ^halysis t}f 
20 least 5000 eel Is/ sample. Results arfe 

representative of 6 such experiments, CD4q-Ig bind tug 
is indicated by a filled-in profile. 

Figure 4, CD40-ig imTnunqpfecipitatfed a 39 JtD 
2g protein from lysate of activated T^l. %i wore rest^c^ 
or activated with insolubiliz^d anti-CD3 fq^ 16 houti^. 
t"S]-labellcd proteins frpm resting or motivated 
were immunoprecipitated with purified antibodied or 
fusion proteins (i-io^) - The gel profile 
30 Representative of 3 such e^cpeiriinents . 

Figure 5. A monoclonal antibody (irttib) / specif 4.c 
to the induced 39 Kd membrane protein, inhibited 
induction of B-cell mA Synthesis by pH^*^, nestihg D- 
35 cells and PM^'=* Wer0 cultured with 10 /ig/ml p^ch Of 

anti-a/P, ariti-CD3, CD40-Ig dr MRl. Rl^^y synth0sip wast 
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determined as desoribed In Fl^Mre 1* I^^bmHs 
ptesented are the arltl»n6tid ma^e of t^it):ioate 
cultures +/- s.d., and are repiresentatiVfe of 3 such 
experiments. 

Figure 6. HRt and CD40-lg fecogniiefed bhe same 
molecule expressed on activated 

Panel A: Activated were f lutjtfe^cently 
stained with MRl or control Ig. To eveilllate if 0040- 
Ig and MRl competed tor binding to activfet64 gt^dH 
concentrations of MRl or cohttjrol hamstel" (anfei-«//3 
•l!CR) were added together with anti-aD40 (iao /<g/ii»l) . 

After incubation fot 20 i|>iniite^ St 4 •<}, th0 :aainplBa 
Were washed and incubaited with FlTC-cortjMgated, mqb 
15 anti-human IgG,. Results are tetJrfesent^tiVe of 3 stlcH 
• exjieriments.. 

Paiiel B; Proteins ?r&m ("sj-iji^thionine- 
lahelled, activated were inmurtopreclt)ltated with Hi 
(10 Mg/sample) or CD40-Ig (lO/ig/sample) artd resolved 
by PAGE and fluorography.. Results preseijteid are 
representative of 2 such experiments. 
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Figure 7. Binding of CD40-Ig to hin|l&j^ ceil 
lihes. A variety of human T-oei; lineg Wpj?0 exppge^ 
to biotin-labelled CD40-lg, and binding w^d fevaludt^d 
by flow cytometry. 



Figure 8 . 

PauGl A: Nucleotide Sequence bf Cit)40 cibNA 
from 5tajnenA:ovic et al., (19a&) EMBO J, &.:i4O3-UX0. 
*he transmembrane region is underscore^ . 

Panel b; . Schematic diagram cjf a t)ladi«id 
that may be used to express Cb40-Ig. thfe amino acid 
35 sequences at the site of fusibn of A CD40 4s shoWn: 
below the diagrammed portion Of CD40. - 



5. DETAILED DESCRtptriQ^ OF THE INVElf^fl^ION 
The present iriventl0ri prpyideis for Asujogtantialiy 
purified CD40CR receptor; for soluble llgaHflfe of 
CD40CR, Including antibodies as well as fUi^ion 
molecules comprising CD40; and for methods bf 
controlling B-cell activation. 

For purposes of clarity of disclodUte, ftnd not by 
way of limitation, the detailed descriptiior) Of the 
invention is divided into the followlncj fevibjas^ctlonBt 

(I) li^ands that bind to CD4 0dtl/ 

(II) methods used td charactejri^i^ CD40CH; 
(Hi) preparation of purified dt?400R; 

(iv) Uses of llgahds that biiid to CD4dCR; 
and 

(v) uses of CD4oCR. 

5.1. LIGANDS: that bind to dD400R 
The present invention provide^ for soluble 
ligands of CD40CR, Including (1) fUsion Wol-^cules 
domprlsing at least a portion of CD4o p^rdtein and (ii) 
antibodies or antibody fragment^. 

The term ••soluble," as used hei*ein^ indicate^ 
that the ligands of the invehtiph are nbt penhanerttly 
associated with a cell plasma membrane. Soluble 
ligands of the invention may, hoWever/ affixed tt} h 
non-cellular solid support, iijcluding a Uf^ldV 
protein, or carbohydrate iholecule, a bead^ d vesicle, 
a magnetic particle, a fiber, etc. or ijiay b^ enclosed 
within an implant or veslole. 

The ability of such a licfand to bifid to Cp4pClt 
may be confirmed by demonstrating that the llgatid 
binds to the s£|me protein as GD40-Ig (Hitr^) or MRl 
(infra). 
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The llgands of the invention may be colt)prlB&^ Ih 
pharmaceutical compositions together with a suitably 
carrier. 



5.1.1. FUSION MOLECOLEij 
The present Invention provides for BolUljle fUslpn 
molecules that are ligatids of GD^OCR. Sufcl} fusipb 
molecules comprise at le^st a portion of Cd40 prbtelh 
attached to a second molecule, the portioil of: Cb40 
preferably lacks the CD40 trandmembtanQ doiflhln. A 
portion of CD40 protein which May be uafefl ^ddordihg to 
the invention la defined ag ahy portion WhidH is ab^e 
to bind to cmc^r for e^fdmple, such a |)e)rtion may be 
shown to bind to the samd protein as MB^ br CD40-1^; 

Second moleoDles which may be used iholude 
:peptides and proteins, lipids, and carbtihydlrates , aftd, 
: ih preferred embodiments of the inventibH , Jjigy ah 
. immunoglobulin moleculd, or portion the^:^0f (sutih a^ ; 
•^h.Fv, Fab, F{db')j, ot tab- ft&giiient) c»r cm, ot 
■ another adhesion molecule, euah Os B7. . Vhe Sedond 
iDolecule may be derived f ron eitjier a r>en-Utlfflari ^ 
human source, or may be chimefid^ The p^tjqftd rtol4cv,le 
may also be an en^ynte, toxin, ^I'owth fabtot, 
iymphokine, antiproliferative a^ent, a Ijcy luting a^eJit, 
-antimetabolite, antibibtlc, vihcp alkalbid, platlnufi 
coordinated complex, radioisotope, or 4 f lUoirescent 
compound. 

. The fusion molecules of the ihventicjn may be 
30 chemical synthesis or, preferably; by 

'recombinant pnA techniques. 

: : For example, a nucleic adid sequenb^ encoding ^t 
least a portion of CD40 protein ipay be Pdtnbined witn a 
hucleic acid sequence endodin^ a second ipbjecul^ in a 
^ suitable expression vector, and then ex^te^bed in a . 
jprokaryotic or, preferably, eUkaryotio fexpressidh 
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system, such as a yea^t, baculovlrus, qt m&iiimallan 
expression system, including tfansgenio dniiHals, 

Alternatively, at least q portion bf Gb40 protein 
piay be expressed using recoipbitiant DNA techniques ahcl 
then may be chemically donjug^tea to a second 
molecule. 

Fusion molecules comprising CD40 may be purified 
from preparative mixtures Usihg electrophprptic 
techniques or affinity chromatography Usihg ligari^ 
that binds to either CD40 or to the secbiid tnoledule; 
Iiigands that bind to CD4o incliide, iDut ht& t}ot lijiiited 
to, anti-CD4 0 antibodies such as (338-5, as t>roduoed by 
the hybridoma having accession nutnber H^9lip and 
deposited with the American Typ^ CUltur^ Ccjllectionj 
and cb40CR, described more fully in: sectioils 5.2 and 
5.3, infra. If the second mplecUle is ah 
immunoglobulin or immunoglobulirt fragment, an affinity 
column comprising anti-lmmunoyloj^ulin ahtil^bdy may 
used; if the second molecule oomjlrises J^rj fra^ent, 
a protein A column may be used* 

According to a preferred embodiment of the 
invention, a portion of CD40 may be p^o4i|p^d using ^ 
rtucleic acid sequence that encodes a aP4() ptotein tj^rt 
. Is truncated upstream from the tran0me;hbr0tt6 domain. 
Such a nucleic acid s^qu^nce may be pr0^4^g4 by 
digesting a plasmid containing a cDNA eficp41ng C04O 
antigen, such as that de^crib^d in SUMenko\rlc al^/ 
(1989), EMBO J-. 8:1403-1410, \(ith (P) ahd ^au ^ a' 

•(S3) restriction enzymes. l«he resulting IVS3 fra^^nt 
may be subclohed into the sam6 plasmid dlgppted Wit}i > 
and Bam_iil (B) , to produce a truncated Cb40 gen^ (s^e 
Figure 8) . 

in particular, nonlimiting, embodlmshW of the 
invention, an e>cpression vector Used td produce 
ligands containing at least a pojrtion of Ct?4o a^ WeU 
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.as Immunoglobulin sequence may preferably obinprise 
a vlraXly-cierived origin of replication, a |^€»cteirial 
origin of replication, a bactetial seledtabje marker, 
and eukaryotic proipoter and enhancer secjuenoes 
B separated from DNA sequences encoding art 

immunoglobulin constant region by restridtiah 
endonuclease sites which allow subclonih^ ot DNA 
^equenes encoding at least a portion of C04u/ fqllow^f^ 
by a polyadehylation slgHal sequence (sfete Figure 
10 S«b, ) , 

In a specific embodiment of the invention, t|iei 
truncated CD40 gene may be subclqned into an 
immunoglobulin fusloh pl^snjid, sUch as j:hat described 
,]in Aruffo ei al., 1990, Cell 51 .-13 03 -1 3 4^ , lining an \ 
Jiluj[ and B digest, to form piasmid pCD^p-i^, which 
encodes the fusion molecule Cb40-iq (see MgUre 8) . 
CD40-Ig fusion protein may then be pirodUped by 
±t-ansfecting the pCD40-Ig plastnld Into t0& c^lls to 
..form a transient expression system* CD4D-t^ produced 
my be collected from the COS fcell supelrhatsnt and 
fjurified by ptoteln A column dhrbmato^r^^jhy as 
described in Aruffo et ai*, 1996^ C0II 16111^03^13X3. 



15 



25 



30 



35 



i ANTlBQDTR.q 

The soluble llgands of the Invention ttlay cpmprlsfe 
= antibody molecules^ monoclonal ^htlbo4y tftdlicules^ djr 

fragments of thede antibody moleouies whiolj Contain ^n 
!:antlgen combining slt^ that blnd^ to CD4t)Ctt4 sUch 

Uganda may further dbmpjrlse 4 second ftfjl^dUXe Vrbicj) 
!inay be a proteiil, lipid, carbohydrate, fertfcj^riie, tdi^ltl,; 

growth factor, lymphojpln^, antlprollfet^tlVfe ag^nt, 
[alkylating agent, antimetabolite, antiblptic, vijid^ 

alkaloid, platinum coordinated complex, rfifiiDlsptbp^/ 
:br a fluorescpnt cojppound and may be linkfeji; to t\x^ 
"antibody molecule, or fragment/ 
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:- Where the ligand is a monoclonal antibody, or 4 
fragment tJiereof, the morioclonal antibody can be 
prepared against GD40CR Using any techhlqUe which 
provides for the production of antibody raoleouleg by 
5 continuous cell lines in culture. For example, the 
hybridoma technique originally developeil by Kohleir dnd 
Milstein (1975, ilature 495-497) as wdll. as othet 
techniques which have more recently become available, 
such as the human B-cell hybrldoma technique (Kosbat 
10 etal., 1983, Iraniunplogy Today 1:72) and EBV-hybtidonld 
technique to produce human monoclonal ahtlbbdies (Cole 
etal., 1985, Monoclonal Antibodies and Cahder 
Therapy, Alan R. Liss, inc., pp. 77-96) and the likfe 
are within the scope of the present invention. 

Antibody fragments which contain the Idlotype 6f 
the molecule could be ^dneratfed by JcnoWii techniques ^ 
For example, such fragment^ include but ^pe not 
limited to: the P(ab'), fragmdi^t Which qafl generated 
by treating the antibody AoleoUle with J)Bt)$in; the 
Fab' fragments whibh can be gehetated by reducing the 
disulfide bridges pf thei F(ab»)2 fragmeHt; the P(ab')i 
fragment which can be generated by treating the 
antibody molecule with papain/ and the 2 Fab or Fab 
fragments which can be generated by treatiii^ th^ 
antibody molecule With papain arid a redhcltj^ agent to 
reduce the disulfide bridges. ' 

The present invention also provide^ f dp chimeric 
antibodies. prodUoea by.technl^Uee known in the art, 
: such as those set iforth in Horriwon efc aX ^r (1984) 
|i»roc. Natl. Ac&d. Scl. U.S.A, alt6851-^68$S pt: EUirop^ati 
Patent Application Ho i 8^305664,2, publld&Uon Hor 
0173494 by Morirlson et al., pnbUshBd Afflrc/j S, ipB6i: 
; Immunogen f or the pfoduction of dhtihbdies inay be 
any source that contains CD40CR. For 6xdm{>le, 
activated T^ may be used as an Iffimunogeh, 
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Alternatively, substantially purified dp40cjR, prepared 
as set forth in section 5.3, infra , may ba Used. It 
activated are used as immunogen, antis^irUW may be 
tested for rfeactivity against actiyate4 bUt not 
6 resting cells. 

• In a j)reterred embodiment of the invention, th^ 
soluble li.jand is the MRl monoclonal anfeib^py. Th^ 
following inethod was used to produce the MRl 
monoclonal antibody, and may be used to gfertBrate otljer 
10 antibodies directed toward CD4 OCR- 

Hamsters were immunized Intraperitotteaily with 5- 
10* activated T,,l celle (01.6) 4t weekly intervale fpr 
six weeks. When the serum titer against murine J. 
greater than about 1110,000, ceUfusiohaWSre 
performed with polyethylene glycql using Itljilune 
hamster splenocytes and N8i. SN from W^llp oontftining 
.^rowing hybridomaa W0r6 ^creertfed by flo|» cytometry t)h 
^resting and activated T,,!. ot|g p^rticuidf bVbridoJn*, 
;vfhich produced a mab thejt ^Selectively r^bpghized 
Activated Tfc> was further tfe0h#d ptnd sul^qlortfed to 
derive MRl . HrI was produced in ftdcite^ hdd purified 
hy ion exchangQ HPtC. 

: The present invention aleb provide^ fdfligatids' 
comprising monoclonal antlbodi^d, ^nd f^^gnents 
ithereof that are capable of cojopfetitively inhibiting 
the binding of MRl to its target ^htigep or (:b40-lg to 
its receptor. 
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5.2. METtiObS OSBb TO CHARACTERTgfe db40C!R 

;CD40CR may be characterized by (i) it$ ability to 
bind CD40, fusion molecules complrislng ^t least a 
portion of CD40, and antlbodiefe euch a^ Mftl/ (il) ltd 
functional characteriatla of being able to ^timulat^ 
B-cell cycle entry, proliferation, and 
differentiation; end (iilj itg djsllulai: di^tributioit, 
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5.24. ABILITY T O SIND LTGAMilp 

CD40CJt may be characterized by its al^iiity to 
;bind to litfancjs such ciD40, fusion mo:|.e0Ules 
comprising CD40, ^nd antibodiejs directe4 toWard 
5 CP40CR. 

As discussed in greater detail infira , several 
techniques were used to characterize CD4ocR/ For 
^ example, CI)40-Ig and MRl Were shpvn to irecdi^riize the 
same 39 kD molecule. Both c:D40-lg and HrI V^re fourid 
10 to immunoprecipitate a 39 kD protein fronj 

radiolabelled T^ lysates (Figure 6b) . t'u^rther, 
Immunopre.cipitation of the 39 kD proteitt with CD40^tcr 
removed the antigen recognized by MRl ftditi lydat^^. 

5.2.2. ABILITY TO STIMU LATE n^C!fr:f.t,p 
CD4 OCR may also be characterized by itp ability 
to stimulate B-cell cycle entry, proliferation, Q^d 
differentiation. 

For example, plasnm merabtahe (PM) tfojn actiV^tM 
20 (PM^^) but not resting del^s was fc>Und i:0 

ihduce B-celi RNA syntheslEl (figure la) / tllla 
induction, indicative of B-cell ^ctivatidh, Was nqt 
a^ffected by a hti bodies such a^ ahti-LFA-l^ anti-:Ct(4, 
antl-ICAM-1. CD40-Ig or^ MRl, hoWeVer, wfete found to 
be able to inhibit PM^ -induced B-cell ^dtivation, ^s 
shown in Figure lb and Figure 6. 

The induction of B-cell activation triay be 
measured by techniques auch as ['H] -uridine 

incorporation into RKA (as B-Cells differentiate, UNA 
JO ' 
synthesis increases) , or by [^H]*^thyniidirte 

ihcorporation, which lieasures pl^h synthfe&is associated 

with cell proliferation. For optimal meaptlrement ot 

the effect of CD46cR on B-cell pfolifer^tich, 

jg it^terleukin-4 (IL-4) rtay be added to the PUlture 

; inediuia at a concentration of about 10 n^/wl* 
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Alternatively, B-cell adtiVation njay measured 
as a function of Immunoglobulin Secretion. B^or 
example, C040CR, in substantially purified form, or As 
ptesent in PM, or otherwise, may be ad404 to resting 
5 B-cells toijether with IL-4 (10 n^/ml) iL-5 (g 

rig/ml) . After three days of culture, e^^i additional 
volume of culture medium may be added, dji day 6 of 
culture, supetnatant (SN) from individijdl Cultures tiiay 
be harvested and quantit^ted for igM and iQ^ as 
10 described Ln J\roelle et al., (1991) J. imundl. 
Mf.: 1118-1.124. 

5.2.3. CELLULAR DtdTRIBOT^tri^ 

CD40CR may also be characterized by Its cellular 
15 distribution. For example, Cb40-Ig was obgferved to 
bind to activated, but not resting T^l, as assessed by 
flow cytometty (Figure 3 Furthermore ^ C040-lcr Was 
observed to bind to Jurkat cells, HSB2 della, and 
activated T-cells from human pferipheral bload, but did 
hot appear to bind significantly to CEM Celts, HPtiAlili 
pells, or murine thymoma cells. 

For example, and not by Way of limitatiohv the 
presence of CD4ocr on a partioUlar cell type ("test 
bells") may be evaluated by flow cytometry ftsfoi lows. 
Test cells may be tested irt parallel with resting 
(negative control) and activated (positive bontrol) 
cells. All cells may be incubated at a cotlpentratipri 
of about 1 X loVcells/50 Ml With ligan4 (e.g. cb4o-ig 
or MRl) for 20 minutes at 4**C, followed by FITC- 
conjugated anti-ligand antibody. Propidium iodide may v 
be added to all samples to a final conc^rtttation of 2 
/icj/ml. Flow cytometlrlc analysis irtay thert b® 
performed, for example on a BD FACSCAN. After : 
positive gating of cells by forward versus side 
scatter, and by red negativity (for propidium iodide 
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exclusion) , and the log green f lUorescerjcfe of vlafal^ 
cells may he ascertained. 

5-3- PRgt'ARAtTON OF t>IlRTFlED t^b^Q ni^ 
$ The present invention proVi4es for sMb^tantialiy 

purified CI)40CR. Such CD4 OCR tpay be prdp^r^d frajn 
cells bearing CP4 OCR, such as activated h|aif>&r 
cells, Jurlcat, and HSB2 cells, by the foil^wihg m^thcjd. 
Plasma njeinblranes may be prepared t^oU 4ippro{Jrl4t4 
10 cells, sucJi ad activated 1*,! cells, by disqohtiniioMS 
sucrose gradient sedimentation^ as desdlfibQd in HoelJLd 
Bt al.y 1991, J. Immunol. M£:1118'-1124 ^ CD40CR may 
then be isolated by dissociating the crUde membrane . 
extract with mild detergent, ahd then performing size 
15 exclusion <;hromatogl:aphy followed by either affihity 
Chromatography using appropriate ligands (e.g. MRlor 
CD40-Ig) bound to a solid support, immuhopr^pipitation 
(e.g. by CI)40-Ig or MRl) , and/or gel eleptrbphoresis. 
The rissulting protein may b6 expedted tp have 4 
20 molecular weight of about 39 kb. 

The present invention provides for a soluble 
CD40CR (i.e. cell-tree) which may be coipflrlsed ih 
pharmaceutical composltiorts together with Q suitable 
carrier. It further provides for CD40CR Which is 
25 linked to a second molecule which may be a t>eptld6, 
protein, lipid, carbohydrate, enzyme, tbicln^ growth 
factor, lyinphoklhe, antiproliferative agdrit^ 
alkylating agent, antimetabolite, antibiotio, vihca 
alkaloid, platinum coordinated Dotnplex, radioisotDpe, 
'^^ dr a fluorescent compound. 

The present invention futther provides for 
substantially purified GD40CR which has be^h prepared 
by chemical synthesis or recombinant DNA techniques. 
j5 example, the ^fene for CD40CR may be isolated by 

Inserting cDNA prepared from activated hfelper i-cel^s 
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Into the X(/tlo expression system, and t^eJI picreenlng 
with MRl or CD40-I4 binding to identify cb4DCR- 
expressing clones. Alternatively, cDNA prepared frqin 
activated heiper T-cells ii|ay be ttansfect^d into CO^ 
6 cells, the supefhatants of which may be screened With 
MRl or CD4i)-lg to identify CD40Clt produceta; Th^ g^hd 
for CD40CR may be ther) used to express CD4obR using 
expression systems known in the art. 

10 5.4. USKS OF L IGANbS TMaI* faiND 0()40CR 

The present invention provides foir iti^tHods df 
controlling; B-cell activation that utilize iigands 
□ that bind to CD4 OCR. In jiatticular, it provides f br a 

^^^od of inhibiting B-cMll activation cbmpti sing 
exposing a mijfture pf B-cells and cells to an 
effective concentration of ligand that talnds to 
CD40CR. Ligands that may be used are described supra 
in section 5.1, The method of the invehtibh may be 
practiced An vitro or in vivo . An effective 
concentration refers to 4 concentration of a ligand 
that inhibits B-cell activation, measured by any 
techni(3ue Jcnown in the art (including those set forth 
in section 5.2, suEEa) by at lea^t about 3d percent, 
and preferably by about 75 percent^ Acqbrdlngr to a 
preferred, specific, non-limiting embodiment of the 
invention, Cp40-Ig may be used aa ligand/ ijl which 
case an effective concentration may be dt ieast about 
10 Mg/ml. in another specific, nonlimitin^ embodlnteht 
of the invention, the monoolohal antibody Mjtl may ti^ 
Used, in which case an effective concentration may be 
at least about 10 /ig/itil, if tfie method is Jjractioeti 
ih viyg, an effective concentration of ligarid m^y 
tefer to plasma concentration of ligand ot tb a Iqoal 
concentration. For example, it may be desirable to 
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Inhibit B'celi activation in a looalizted area in order 
to limit the effects on the itnmune systein ^3 a wholei 

In particular embodiment^, the invention provides 
for a method of treating a isutject suffetihg frbiri a 
disorder associated with B-cell activation, comprising 
administering to the subject p therapeiitid amount of 
ligand that binds to CD40CR. A sUbject may be a non- 
human or, preferably, 4 human animal. 

Disorders associated with fe-cell activation 
include, but are not limited to, allergy (including 
anaphylaxis) ; autoimmune cpncjitions inplu4ing drug 
induced lupus, systemic lupus erythema tdsUs, adult 
rheumatoid arthritis, juvenile rheumatoid arthritis, 
scleroderma, Sjogren's Syndrome, etc >inci viral 
diseases that involve B-cells, includihg fepstein-Bart ■ 
infection, and retroviral infection inpltl41rig 
infection with a human immunodeficiency virus. 

Because it has beeh suggested that &-*cell 
activation is associated with the indubtidri of hum^h 
immunodeficiency virus Replication frofn latency, it 
may be desirable to administer the lig^nd^ of the 
invention to HIV positive individuals Whb have ndt yet 
developed Aips or ARC. 

Ligands may be administered, in a siiit^ible 
pharmaceutical carrier, by any method known in the 
art, including intrayenoUs, intraperitone41, 
subcutaneous > intrathecal, intraarticular or 
intramuscular injection, and oral, irittah^sal, 
intraocular ahd rectai adraintst^ration, and may b^ 
comprised in microspheres, liposomes, and/or dilptaihed 
release implahts. 

A therapeutic amount of ligand is defined ap^n 
amount which significantly diminishes the deleteriblJS 
clinical effects of fe-cell activation^ ftncj may Vaty 
among ligands Used arid Condltiohs treqtbdi If bt)4p-iy 



- 19 - 



is used, therapeutic concentratioh may bfe dbput 10 
Aig/ml either systemically (plasina concenfer^tion) or 
locally, ic mi Is used, a therapeutic *:6hd^ntratlon 
i..ay be about lo /xg/rai either systenicaliy (piasma 
5 concentration) or locally. 

in a further embodiment of the invehtidh, the 
above methods may utilize a li^and comprl^ir,a a toxih 

or antimetabolite such that cells are kilW or 
damaged and B-cell activation is deorea^M V« a tesuit 
10 Of Tfc cell destruction. 

The llgands of the invention niay aXko bS udfed tp 
label activated T cells, a techhique whioi, ffl^y be 
useful In the diagnosis of T cell disorders. To thi^ 
end, ligand comprising an enzyme, radioisotope, 
15 fluorescent compound or other det0ctable label 'maV M 
exposed to T cells in yifeto or in vdvo ahd t«. aMouht 
of binding may be quantitated. 

The ligands of the invention may algo ba used tb 
20 ^'9: growth factors, to activated 

5»5. OSBS OP rp ^hi>}> 
The present Invention provide^ for nlethcjfls of 
opntrolling fi-cell adtlvatlori th^,t utlli.d eD40CR or a 
molecule comprising CD40CR, pret>are<? as d^s^bed in 
section 5.3, sn^. m particular, it ^Jrovidfea for a 
method Of promoting B-cell activation coihprlfeing 
exposing B-cells to an effective concentrftti(,n of 
CD40CR. The method may be practiced in iii^a or In 
vitEo. An effective concehtratldn reffer^ t^ a 
concentration of receptor that induces fl^oftil 
rfT^f ""^""^^^ ^ any technique Jc^own Ih t^e ^irt- 
(Including thos^ .^t forth in .edtioh 5,4. ^ J,/ 
3g least about 30 percent, in specific, noJillmlU? 
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embodiments of the invention, the oonceritration of 
CD40CR may be about 10 /ig/ml locally ot systemically. 

In particular embodiments, the inv6^tic|t< provldl^s 
for a method of treating a subject suffetlh^ from an 
immunodeficiency disorder associated with di^inish^d 
humoral immunity, comprising administering fed the 
subject a therapeutic amount of cb40CR. A ^ubjddt m^y 
be a non-humah or, preferably, a human afilmHl» 

Immunodeficiency disorder^ d^sociat^ with 
diminished humotal immunity include acquired 
iramunbdef iciency syndrome, immunodeficiency hssodiatdc| 
with malignancy or cachexia, iatrogenic 
immunodeficiency caused, for ejcam^le, by chetiiothetapy 
or radiation therapy, as Well afe genetid disorders 
involving humoral immuhity. 

CD40CR may be administered, Irt a sult^b^e 
pharmaceutical carrier, by any method khdWh ih th^ 
att, including intravenous, Irtttaperitoheal > 
subcutaneous, intrathecal, intraarticular ^ pr 
Intramuscular injection, ahd oral, lntrdn^$at^ 
intraocular, and rtictal administration arid ilj^y be 
comprised in microspheres, liposomes, drt^/o? pustain^d 
release implants. 

A therapeutic amount of C040CR for 0040 is 
defined as that amount which ir|creases Immunpglobulin 
production by at least about 3Q percent. 

In a further embodiment, db40eR may be Conjugated 
to a toxin, and then administered to a ^t4bj|||t:t Under 
circumstances in Which it would be pref ^r^b^-la to 
destroy H-ciells thc^t express 004 d* Exatt)t?i.€i# of ^Ucli 
circumstances include patients rgcfeivin^ ^^^^^ 
transplants or suffering from multiple tfty^l^lpa b?r 
another B-cell malignancy, or ftoW autoitiim|in# di00^p^^ 

GD40CR may also be Used t0 l^bel b^cSli^ 
expressing CD4p, a technigue which may be Uj^feful in 
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the diagnosis of b-cell disorders. To tJiiiS jHd, 
receptor ii)iked tb ah enzyirie, radioisotojp^^ 
fluorescent compound or other detectable l^bel may 
exposed to B-cells in vivo or In vitro ^hd thd amount 
5 of binding laay be quantitated. 

CD40CR may also be used to deliver iticJl^pules that 
are linked to it to B-cells. 

6, EXAJ-IPLE; A NOVEL RECEPTOR^ CD40Ck, 6M ACTI- 

VATED HELPER T-CELLS BINDS CD40 Mp ^TRANSDUdES 
THE SIGNAL FOR COfi NATE Ad^frTy^TIofl Ot? R-Pp f.r.cl 



6.1. MATERIALS ANb METHOf )f3 
6.1.1. ANii-lALS 
Female DBA/2J Tiiice (Jacksdn Laboratbrlaa, Bajr 
Harbor, ME) were used for the preparatioh Of filler 
cells to support the growth of i^^ clones and in the 
preparation of resting B-cells* 

6.1.2. HELPER T-CBLL t:T^NES (T |,) 
20 D1.6/ a I-A^-restrioted, rabbit Ig-^pedific tj^i 

clone /iCurt-Jo/jes et aJ./ (1987) J Exp Med 1§£:1774^ 
1787) was obtained from Djr. David Parker^ Ui)lveri^ity 
ot Mass. at Worcester. D1.6 will be referred to 
herein as T^l. 



^•1-3. ACTIVATION n{> T|. ?V ?VNl*lT^Q| j:^ 
Tfcl were cultured (0 xloVvell) in clMst^r wells 
{6 well. Corning, NY) coated with 40 /ig/4 ml of 
PBS/well with anti-CD3 for 16 )iours, as 4^s|3tibed in 
(!toellB &t al., (1P91) j[ Itmmol. MSiill8^ii24) . 

. ^^EPARATtOM OP P HSMA »f E!Mp^AfJP.*^ 

Plasma membranes Were pr^pajred J^y 4l4o{?htiwt)us 
sucrose gradient stfdim^ntatiort, >»d desctrlte<i in 
(UoBlle ot al.y (1^91) Immunol . 2A£: Ui8-X124) .^ : 
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6.1.5. PREPARAfT QN OP faftftTlMG Br-dl!!) r|T.5| 
Restinti splejiic P-Cells were t)tet)ardd tty 
sedimentation on discontinuous Percoll gradients/ as 
described ill (DBfranco et 01., (I0b2) J. £lff); Med, 
5 15§,:1523) . Cells isolate^ from the 70-im (density of 
1.087-1.097) Pefcdll interface Were typidajLiy >&Si| 
Jhlg*^ had a urtlforw, low degree of hear foif^flfd light 
scatter and were Unresponsive to Con A. 

to 6.1.6. ANTIB0QIR5S 

The following mabs wetiB purified by ipn exchdhge 
IIPLG from ascites fluid of mice which had been 
irradiated and bone marrow recohstituted J 4htl- 
CD3:145-2Cll yieo et ai., (19d-^) plroc. H^tl^ Acad. 
15 scl. asA §4:1374-1378); dnti-a,i8:H57-597,' ailbi-CD4: 
GK1.5 (Wilde et al., (19B3) J. Immunol. 1111^178- 
2103;; anti-ICAM:YNl/l. 7. 4 fPrieto et a4., (i989) m. 
J. Ijumunoi . 19:1551-1557) ; anti-Lf A-l : FpU i,b 
■ (ffarmiento et al, (1982) Immunol. Rev. 6^tl3B); eihd 
.20 anti-rat/hamster «f chaihtftG-7 (Springer, (I9t)2) 
Hybrid. X: 2 57-273). 

6.1.7. PREPARATION OF TUB CD40 R13fc0MB±NANlt 
Gt^BtlT.Tff {npJ\t^-T a\ ■ 

2B The CD40 fusion protpln Wfl& prepared by dig^atih^ 

a plasmid contaihing a cD^IA encoding th0 CD^D antigen 
(Stamenkovl c and Seed, (1989) MBO J. aiUOi'-l^ip ) 
with the restriction enzyfae Pst T (p) and fidU 3A (Sj) . 
This P/S3 fragment Was subclorled into tl,d s^lhe pi^pniid 

3P digested with P arid fiaffl Jn (B), This alldW&d the 

preparation of the CD40A Which endoded a CD40 pratein 
truncated upstream from the tr^nsmetobraha dbliiain^ The 
DNA fragment encoding a CD40A Was then ^Ubdi^ned into 
the immunoglobulin fusion pladmid (Amlto &^^i, 

36 (1990), cell, S1:1303-1313) usin^ a lilal an^ B digest. 
The CD40~Ic, fusion protein Was produced by transient 
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ttansfectlon in COS cells and pllr if led ot\ ^ jptrotein A 
column as described in ((Aruffo al., (1^9i)) Cell. 

6.1.8, LYMPHOtCtHKS 

Interleukih 4 (IL4) : Recombinant moi}s0 tL4 Wds 
generously provided by Drs. d. Maliszewejci K. 
Grabstein, Immunfex Corpqratioh, Seattle, WA. 

Interloukin 5 (IL5) : Recombirtaht moUe^ ^LS w^^ 
10 purchased from R&D Researdh, Sairrento, d^V 

6.1.9. tNDOCtlOjJ OF B-CELL RNA syH(rHfe3iS BY 

3 X 10^ resting B-cells were cultured Lf\ BO pi of 
15 cRPMI in A/:> microtiter wells (costar, danifaridge, Ma) . 
To these wells, 0.5 Mg of T^l or 7^2 membf^ri^ proteih 
was added. From 42-48 hrs, Wei la were pulsed with 2.5 
MCi of ^H-uxidine (llew England Huclear, n^^t0n 
MA) , harvested, and the radioactivity detelrjiiined by 
2b liquid scintillation spectroscopy ^ The jf^pUlts were 
expressed as cpm/culture +/-s.d; 

6.1.10. INDUCTION OF B-OElIiL iMMUNQGLOfiOLlN 
SECRETION 13 Y AdTjVATED T^ ^Wvdf|A 
ME MBRANES AND t.VMt>HOKlMFlH 

Resting B-cells were cultured ad d6barit)ed &bov0 . 
culture wells, 0.5 ng of T^l membrane ptolxeln, Il4 
(lo ng/ml) and IL5 (5 rtg/ml) were added. Oil day three 
of culture, an additional 5o ,il of cRPMl Vaa added, 
on day six of cultute, SN from individual walla 
Vfere harvested and quantltated for IgM ahd 1^G„ . as 
described In rwoelle et ai., (1991) J. imhiUtiol. 
1M:111B-1124) . 
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6.1.11. irtDUCtlON OF B-CUth PROLIFtttAltioN BY 
ActlVATRn T, ^ AMD tL4 ... . 

4x10^ resting B-cellB were cUltUred ih BO /xi of 

J. cRPMI In A/2 microtlter wells (Cottar, C^ttbl^ldge, «a) . 

To these wells, IxlO* resting ojr ^otivat^^/ todldted 

(500 rads) Tfcl and IL4 (10 ng/ftl) were a^dfe^. on day 

three of cultutd/ wells wajre pMUpd with X HCi at % 

a thymidine, as described In (Hodll0> et aj., (l99l) ^, 

h\ |(j Iimrnol. I46:lii8-li24) . 

in ■ ■ ' ■ ': . . ■ '■ . 

6.1-12. PB0t)UCl»10N OF MOHodfX)NAL W)¥lfebDll|S 
r^l SPEOIFIC TO HtWHRANK tftcjMtfiS 

l'\ ; tNDUOEb ON AGTTViVTtIp f^l 

were immunl^fed intraperit6b#Uy WitH fe- 
K ^3 10 X 10« activated V (D1.6) at Weekly itit^tVals foi' 

fll six weeks, "heh the serujn titer against !iH,J?l|ie 1^1 t^as 

□ greater than 1: id, 000, cell fusions werfe jJ^tform^d 

Jei with polyethylene glycol Hsincf iitanune ha»§t6r 

splenocytes and NSl. SN froin yells contaihlng girowirtg 
hybridomas were screened by flow cytometry 6n re^tinS 
and activated V- One particular hybridtj^pa; which 
produced a nab that selectively tecognijsed ^cUvaibd 
Tk, was further tested and subcloned to detlV^ MRi. 
MR! was produced in ascites and purifiefl jSy ion 
exchange HPLC. 

6.1.13. FLOW CYTOFLUOROMETnie AHALYSia OF AdTlVAttbtl 
M OLECULES BXPRRfesPh rt^ ' A^^lxvAyipN 

Resting ajid activated T^(16 hours with flhti-CD3j 
Wfere harvested and Incubated at 1x10* caHfe/bd With 
fusion protein for 20 minutes at 4»c, fdl lotted by / 
FITC-conjugated goat ahtl-humart (h)lgG (23 /ig/ml/ 
Southern Biotechnology, Blrjninghain, AL) . To all 
samples, propidlum iodide wa^ added at tlnH 
concentration of 2 /xg/ml. Flow dytoflu0tom6trld 
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analysis was performed on a BD FACSGAN. Aftpt 
positive gabin^ of cells by fotWalrd ver^ue! aide 

scatter, and by red negativity (for propi^it^H, io4i3e 
exclusion) , the log green fluo):teBcertce o^ viable cells 
5 Was ascertained* At least 5,000 viable cdl^^ were 
analyzed for the determination of percent ptjaitive 
cells and MFI. Stainintr with ifel employfe4 fl-pc- 
conjugated RG7, a «ouse anti-r^t/hamstet « tJhain mab. 

10 6.1.14. BIOSyNTHETIO LABELLING, IMMUNOjpftEdmTA'MoII 
S DS-&AGE AMD PTJIORnn^pttY xiAi4.UM , 

T^l were rested or activated With iJi6q»lUjbillg:ed 
anti-CD3 for 16 hrs. proteins from resting ^hd 
activated Tj(20 x loVml) were labelled with i mCi of 
f«SJ-metJaionine/cysteine for one hour, ^t Vhioh time 
they were washed twice in }«>Ml/lo%FCS aii4 tHe oell. 
pellet was lysed in extratjtion buffer, ai^ cle^etibed 
(Noelle et al., (i986) j. immmoi. 23za^iB^l726j / 
Purified, antibodies or fusion proteins (1-lV/ig) Wdrii 
added to 500/il of lysate (6xlO« c^ll eqaiv#l^nts) at 
4»c for 16 hours. At that time,' the lyfejate^ Vere 
transferred to ttibes containing BO /il of ||at3ked 
Protein A-sepharose. The pelleted Prot^ih ArSephato^e 
was resuspended and tubes were incubate^ fit 4»C folr i 
25 hr with agitation. The samples Vere th!=rt washed 33c 
with high stringency wash buffer. The pelleted 
protein A-Sepharose was resuspended in 30 of Sds. 
sample buffer and run on a 10% polyacrylajiid^ gel. 
After running the gel, the gel was fixe^ mil 
30 fluprography performed. 
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6.2* RlggULTS 

6.2.1. EFFECT OF MOHOCLONAti ANTlBOOtflS tIN *n\n 
INDUCTION OP 6rC6LL RNA sVH*i*HESij& 
BY PM^^ ; 

In order to define tl\e cell surface molfeculfeS 
that mediated the ijiductibit of 6-dell cycle #htry (?y 
PH^'=', mabs to T^ ineitibran6 proteins were a44ed to 
cultures of PM^^ and B-^cell&* PM^^ indub^Jj li-cell RijA 
syrt thesis eight-fold ovei^ that observed with t*M^) 
(Figure la). The addition of ahti--IiFA-l^ 0r)tl-CD4, 
anti-ICAM-1, alphe, or in combination, did ricjt inhibit 
the induction of B-cell RNA synthesis by pjfl^^, 

6,2.2. Gp40-Ig iHHiBITED Th-tM^^^^CEp El- 
CELL CYCtE piT^y, blF*mEHtlA- 
I'lON AND PtoLlFERATtON 

In the human system/ it had J^een shbWh that anti- 

CD40 mab induced B-cell proliferation (dl4tk sind L^n^i 

(1991) Ann. Reir. Immunol, 2^: 97^12 th^Hby 

implicating cd40 ^s an Important triggdtirtg ||ibledt}le 

for B-ceils. To deterjnine if CD40 was ihVblVed Iji t|i0 

induction of B-cell RNA sy|ithe5jis by PM^-^*^ a Soluble 

fusion protein df the e5<:tlraceHul^t: dom^iht^ of huni^n 

CD40 and the F„ domain of human IgG, (CD4o-ig) Wa^ 

added to cultures of PM^ and B-cells. derived 

from Tfcl and T^2 were prepared and used tb stimulate ^~ 

cell RNA synthesis. The addition of CD40-Ig to 

culture caused a dose-dependent ihhibitioh 6f B-dell 

RNA synthesis that was induced by pM^^ f^cfip 

(Fig. lb) . Half-maximal inhibitioh of g-peiVRNA 

dyn thesis; induced by Pji^^ f rom T^l and T^^ W^^ about 6 

Mg/ml CD40-Ig. A CD7E-Ig fusion protein fZ)4Ji(le and 

Aruffo, (1991) Proa. Natl. Acacf. ^?cl. U^A 0^^6403^ 

6407) was without effect eyen vhen used at Jt6 /ig/ml. 
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TO invnstigate whether CD40-lg Inhibited the 
activation of D-oells by T-lndet)eHdent adtlv«tor«, B" 
dells were cultured in the presence of Ltis and cp4p- 
Ig. on day 2, rnA synthesis was dsseese^ (Pig. lo) . 
5 CD40-Ig was ineffective at inhijaiting B-bell 

activation by LPS, yet inhibited the res^ohfle of $- 
cells to PM*". 

In the presehoe of J?H*"^ il4 ^nd IL5, B-dBlle 
, pblyclonally differentiated to ptoduce Ig (HOtigkln efc 
□ 10 al., (1990) J. Immunol. US.:202S-2034; Ho&Ub ei al., 

% (^391) J- Irmunol. 3^:1116-1124). To eyftiu^te tjite ' 

tn requirements for CD40 slgnalllh^ in this ^od^bb. 

CD40-lg was added 4t the ihltiation of cuitute, or on 
subsequent days of culture. Th6 additioh pf CD40-lg 
(tig. 2a) at the initiation of culture iphibited 
greater than 9BI of polyclonal IgM and I^G, production 
compared to control levels in its febsenc^. tn 
contrast, the addition of CD40-ig on day 1 and 2 of. 
culture showed little. If any, inhibitory effect ort 
IgM and IgO, production.. These data indlcat^id that 
after 24 hours/ signalling via CD40 is nfj id^ger 
essential for the differentiation of B-c^li^ to Ig 
secretion. 

Data thus far indicated that Cp4 0 iti,j,iioate4 
in the activatidr, of S-cells by P^*-. $tU<?i^s w6^^6 
performed in order to ehsute that CP4 0 Mlhs ^iso 
involved in the dctivatloji of B-cells by ih^fibt, 
viable, activated T^ m were activated f^r ie hours 
with insolubllized anti-cP3, harvested ^nd imaiatefl. 
The irifadiated V were cultured with B-'ci6ll6 in the 
presence of 1L4 and b-cell proiiferatioh Wa6 
determined on ddy 3 of cultute. An exogeftohs sburce 
of IL4 was required to achieve B-oell ptoii^eration 
with TfcX, because Tfcl do not produce IL4 (//oelJe et 
al^i (19B9) J. immMol. Ml.: 1807-rl814) . t:D4o-Ig 
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inhibited the induction of B-cell proliferation by 
irradiated T, In a dose-dependeht manner, slflillar to 
that observed with PM*" (Pig. 2t) . The negative 
control, CD7E-Ig, exerted no appreciable effect. 

5 

6.2.3. CD40-Ig ^)fiTEC!rED A MQjjECUtfe 

EXPRESSEb ON ACTlVATMlJ, U&P 

P ^° investigate whether activated T^l express a 

1i ,0 ^^""^^"^ protein fOr CD40, resting and activated (16 

hours) T„l were stained with CD40-Ig or pd7fi-lg, 
N followed by PiTc-antl-HlgG. Binding of dD4d-lg Wa6 

assessed by flow cytometry (Pig. 3). -Tj tl,4t wete 

^°*=^^«ted for 16 hours with anti-CD3, but nbt resting 
15 ^^^^^^^ 56% positive with CD40-Ig, |,yt hot With 

m the control cb76-lg. To identify the cd4Q-ig biMirtg 

C3 P"teins were bio&yntheticaUy i&belled 

With ["S]-inethionlhe/eysteine ^ihd proteirtS 
immunoprecipitated with Cb4 0-lg or CD7E^I^ ; The 
20 irtaunoprecipitated proteins Were resolve4 b^ SDS-PAGB 
and fluorography (Figure 4) . A prolnlneJlt b^hd with an 
apparent molecular weight of 3d kD immurjopr^iplplt^ted 
in a dose-depehdent mahner with 1 and 10 /*g pt 
CD40/sample. As GOntrole, anti-Class I ro^b 
26 inununoprecipitated bands at 55 kU and a low ftolecular 
weight band, ^2 microglobulin. In the ^b#e|)pe of aab, 
no prominent bahds were visible, a 39 M bftjid W4B 
also iminuncprecipitated from activated % tft^t were 
.. veotorially labelled with »«1, dohfirmihg tHH the aSKp 
30 protein wati a membrane protein. 

6.2.4. MOMOCLOMAL AHTIBOplf MRl, staBlflC jo 

39Kd Tk WfeMBRANB PROTBillv iMIlIBiTElD 
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Mabs .ipeciflc to antigens selectlv^iy feStpre^se^ 
on activatod VetsUs resting T» were develpt)ed to 
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identify molecule (s) refiponsible for t\i^ % effectai: 
phase activity. One such mab, MRl, recognlijBiJ an 
antigen that was selectively ext>ressed on ^dtlvated 
Til. To investigate whethet MRl and CD4p-Jg ffeco^hizfed 
the same molecule, flow cytometty and blooHifi^ studies 
were perforiaed. CD40-Ig and MRl atainec? ajiptexim^tely 
56% and 61%, respectively, of activated, :l}ut hot 
resting Th (Pig. 5a). MRl, but n0t anotjier Hamster 
anti-T cell mab, antl-a/^ TCR, blocked the siainlhg of 
activated T,.l with CD40-Ig, in a dbse-depehdeht mdnn6r. 
These data suggested that CD40-lg and MRl tddognlged 
overlapping or Identical epitoties on the 39 JtD Th 
protein. To further demonstrate that Cb4o-tg and MRl 
recognized the same molecule, tjie antigdh that bound 
MRl was identified by Immunoprecipltatlofi of protelhs 
from radiolabelled Th lysates. Both CD4b-ig and Mill 
inimunopreclpitated a 39 kD proteiti (Fig. gb) , 
Finally, Immunopreclpitatlon of the 39kD ptdtelrj with 
CD40-Ig removed the antigen redoghiied by MJli frqm 
radiolabelled lysates of activated supporting the 
tenet that the Mri antlgeh and the CD40 Mihcjihg 
pt-otein were Idehtloal. 

Functional studies w&re performed With Mkl to 
address whether this mab heutrftllzed thS Activity 
expressed by PM*-. pm^- ahd B-qella Were cU^threcf 
alone, or In the presence of h^imster mab^ at CD4o-lg. 
TWO hamster mabd, antl-a//? TCR and aTCD3 4l{i not 
inhibit the aotlyatlon of resting B-cell0 by PM^^ ip 
dontrast. MRl or CD40-lg inhibited B-cell aOtlvatiori 
(Fig. 6). 



6.3. blSGtififltn^ 
The data show that blockilig Of proifliheht Tfc 
35 surface moleculfes (LFA-1, CI34, lOAM-l, dDb, rt,j8 (fdR) 
with maba did not impede the c^pHcLiy ot /^a^LvatM € 
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to induce B-cell cycle entry. tn Contract j CD40-lg 
a maB speciJric to the CD4q binding prot^jn^ blocked t,- 
dependent B-cell activation in a dose-dependent 
manner. Furthermore, the GD40 binding protein was 
identified as a 39 kD protein that is s^^fectively 
expressed on the toembrahed of activated, Uyt not 
resting T^. Both CD4Q-lg and a mab specific to the 
39kD CD40 binding protein blocked B-cell E(Gtlvation by 

Alth6u.jh a number of membrane proteltjs Have been 
implicated In T^-dependent B-oell Signal lifig, evidence 
presented herein dismisses the contribution Of sortie 
molecules (LPA-1, CP4, CD3, a.fi TCR, ICA»-i) and 
Ijuplicates CD40 as the B-cell receptor for oo^nate 
signalling by T,. Data show thqt CD40-lq and a mab . 
stjecific to the CD40 binding protein inhlbitg T^- 
dependent B-cell activation. 

The ligand for CD40 is a 39Kd protein that i^ 
expressed on activated, but not resting I-,,. 
Biochemical studies indicate that the 39kD protein IS 
a single chain molecule since eleatrophotetio 
ittlgratlon was not Influenced by reducing agants. 
Based on the functional studied ptesented ii^ this 
study, both activated T„l and express thQ 39 ktt /; 

CD40 binding protein. This is consistent with tHe 
functional studies that show both T,l and induce 
cell cycle entry, in an attempt to further 
characterize the 39 kD t)|:Dtein, obHA enoodit^qf CD 
proteins in the Mw range t>£ 39jcp (CD 53, GDjjf and 
0069) were trandlehtly t^hsfeote^ into dOS efeil^\an>l 
the cells were tested for CD40-Ig blndifl^, Hpne of 
the transfected COS cells expressed proteinS that 
bound CD40-l^. It Is therefore suspected th&t the 39 
kD i)rotein is hot One of these CD proteltiQ . 
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The biochemical ba^is for" signal tratipdpotibn 
between and B-cells has been elusive, ^h^ 
identification of CD40 as the signal trcJfi^dMiJlng 
molecule for T cell hejp focusses attentich on 
specific biochemical pathways khoyn to b^ bbUpled to 
the CD40 molecule. CD40 is a member of ibe nerve 
growth factor receptor (NGFR) family by Virtue of thfe 
presence of four oysteine-rich motifs in ita 
extracellular region. Signaling through tib4o by m^b 
has been shown (Uckun et al., (199I) j. bLoX. Chem. 
M6:1747B-1748S) to involve the activation Of tyrosine 
kinases resulting in the increased prddubtidrj of 
inositol trisphosphate and the ac^ivatioh of at least 
four distinct serine/ threonine kinases, fiased on 
information obtained from signaling throligh dther 
members of the Ugf receptor family, it i^ antiaipated 
that interaction between activated an4 B will tesiilt 
in many of the same biochemical processed, 

EXAMPLE; nTNDIHG OP rn4 n ig m mIM^^, t-celt. t.Tu^f> 
For immunofluorescence binding studies, Cp40 1c( 
fusion protein was conjugated with biotin using 
biotin-succiriimide (Sigma). Flow cytometry anaiyaisj 
was then performed by tow-step staining uping 
Phycperythrin (PE) -strepavidin (Bectin-Diok^nSon) with 
a coulter Epics c instrument, RepresentaHV^ results 
Of screening multiple T cell lines is presented below. 
I'he Jurkat and »SB2 cell lines were found tq bind 
specifically, whereas other T pell llne^ i„tjXudlng 
CEH, HPBALI., and murine thymoma did not bind the CD40 
Ig fusion protein (Fig. 7). 

Various publications are cited herein Vhich are 
.^ereby incorporated by reference in theit entirety. 



